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6XSi:, 

KBi^fM-r^xat, 

(Co s i2 ) flttc^m-rex^i. 

- hl;<S(c«gE$ns^®SS^SrM)«-r5Xm<!:Srfi"-r 
y X^im^^xnf£ibti^ Z t «ri^mi: 1-518*15 1 IE 

n^V^r . . =jy</U h (Co (C 

5 H5 ) 2 ) . t"^ • • c^V^J? • v>j.;=./U 

. =i/<,\y K (c o_ (CH3 C5 H4 ) 2 ) . ^'^ • 

h^-— h • s^^/i' h (Co (CH3COCH3 
COCH3 ) 2 ) . • v?f^'«n^'/u • y h • 

n/^/uh (Co ( (CH3 ) 3 CCOCH4 ) 2 ) 
O^f';^ • '^^i^:7/'^7t-^ • y-ff-zUTir h • ^^-^ 

/i-h (Co (C5 HFg O2 ) 2 ) tbW 1 oT-fcS 
:z t ?r#iSS: 1 1-5 1 . 2 L < (ifi*rR 3 

[000 1] 

ML, !!#(cri/<yu hv'v'yi^'r' K (Co S 12 ) SS^ffl 
1/ ^/ii^-f ■y-'C K (S a 1 i c i d e ; S e 1 f -A I i 



li^m'orm] "f-'/yy'J-^-i K (T i s 12 ) Steffi 
;cT i s 12 mmm\'-M>^Br&-:s^\^^^) . w^mtni&m. 



<75.J: 9/<ClJ,^(r)#?i755^^tl,5 ct -^td^tcot, NT* Site 

(cjaJt-sat* (As) coi^ffliJ!tft^wnbco/>°^'-viS 

%\ci6^-^^^-ti(D^m<r)mi^kcmm\^x. t i s 12 im 

coc 4 9tgit*'ibC 5 Am'M^<r>mU^<D'Mh. {-fix) 
i2 B*«75SflIft;»ceHLT#j*llftMSH#{CT i S 12 

1 2fiS''^Stn:,-)^i£(c±#i-ao 

[0 0 0 2] -coj; p/j:»|^(c*)-Lr. 'igfc»^<^->T' 
T i S i2 JS^J;'^^Sl'^ffi^5l^4S^#?>n5C o S i2 flSSrffl 

1/ >r-y- y -y-'i' KttigwMo ss^5iscf*:iie€rfl5^-r5 ^ 
ttm^^ixx^^^. ■: 
[0 0 0 3] il^igfls:igB(75^ifiXScD®rSiaT-#>5ll 3 
S:#B3.-r5i:, W^liTV f-=3i- • •>— • ^j^^^ (A 
ntonio— C. Berti, et. al.)fCj:5 
•>-— t'-T >'^^-7t-7'- 1 9 9 2, r-r-'f— --f — 

• ^ ' 31/1' • m;^ • T'f — -^'/u^U'^/u— y 

9 — ^if.i^V^:y-i]\/yr^y:^, 2 6 7-2 7 3M 

(P r o c e e d i n g — o f - 1 9 9 2, IEEE- 
VLSI— Multi level— Interconn 
ect ion— Conference, pp267— 2 
7 3) W«^icj:^>i. Co S i2 M5rffl^^fci^yf■'1' 
K^gjt<75MO s a^t^^filc^fifcijft firi] x.(4*N f^r 

[0004] ^-r^ p® •> y = vs^g 2 0 i SB<?53ii^ 

:»-RinIit(C(i LOCOS Mc75 -/U KStftSS 2 0 2 jjs 

(n¥—v mxcM: 2 0 3 $ ti „ ^® / >- k- 7° 

v- y 3 ym^i^ $ ix. w co#^fB V y 3 
A'^^-\^mmtm^\:i^<^-=^y^^ti?>, teos^ 

^ y 3 >'8*^ < ^ - ><73^IiJ Stc^WTEOS bJI;!)^ h 
f£i-^^ K-^jl— /^•• i^2 0 5Am!$.^iX?>, 

5. 0 X 1 0 15 c m-2OTflt^<75'r :^>-ffiA355tt''<f 4:>ix. 
Piy->ij =i>'S;K2 0 1 ^B(75^T-ff$)Sc^i«(cii-y-'i' k 
■^^-/u • ;^'<-f-2 0 5{ciBS-^&<](cN+ MteicJi 

2 0 ±fE#*SB^B->y 3»^^<^'-:/i4N 

+ Mw#^fB->y =>:^BM;4»P>/*£5y- h«S2 0 4lc/i 
(1113 (a) 3 , 
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[0 00 5] mc. X/ ^ >'>/{c.-i: ^j-fi^iffiiia^^-f 2 

7 5rco^#.5g#|i[r^vr'^f5 1 </"^*^^ES^ N 
2 0 7X^ffi4-oJ:0'^/- h®li[5 2 0 4 ±ffitC{i 
^rnmHEL'^g-g-t'i^JtCC o S i I15(f2 0 9 a ioXrJC o S 

1 HI 2 0 9 b m^f^is n. y ^ -/I- Vm\L\% 2 .0 2 rjfeffi 

^]t>(n) ri/</uMlM2 0 8?5?:am-r6 CEI 3 (b) 3 o 
[0 00 6] gfclc. ±E.*Sl^;<^=3/</uM|g2 0 8;!)-^'i7 
^.y h . aL.y^>'^(cJ:*9iltf^6^tc|^*^tt6o- 7 0 0 

o S i 1112 0 9 a , 2 0 9 b/j^C o S i 2 11^2 10a, 

2 1 ObiC^m^nSo CoSi2J»2 10a, 210 

b <7)Biii:(i, 7 0nmlii^-efc6 [113 (c) ] o ^j: 

i^. AM^^Jaa^2^15g-CtT/^^;bT(C. f^?i);t(i 7 0 0"C 

ifi/cCfliO. CTx*iN+ Mfe^ii2 0 7^®(CffM^*L5 

C o S i 2 Wzi)^-^^ Y^ir—f^ • 2 0 5 Affile 

cOiltRfi^/c^j^^tCio-Ct.. o S i 2 illi^— H 

an 2 0 4i:S(c?fM$n5c o s i 2 i^<t<7)raoy- 
[0 0 0 71 gii<7)c o s i 2 ai(-J:6^f y -t^^ Ktsi^co 

^ (Ch i h-S h i h-We i . e t . a I . ) (Cj; 
ST^nv^^-xV 1 9 9 0, T-f -^--^ 

_ . ^ r/^ - in/u . rc;^ • T ^ — U^/b — >f 

Vi?— =1^^^ v^a :y-ii>yT y^^yT., 233-239 

H(Proceeding-of~1990, IEEE 
— VLSI— Mul t i level — Intercon 
nect ion — Conference, pp233-- 

2 3 9) ^c^^^nTv^^o -(^^^^djzixfi. v-y^i 

m{cm^n^zt{:i^j:^o ^o:>:^m(r^^)}^tLX. vy 

[0 00 8] 

mmmm\^x 0 t'r?>'^] cos i2 

yi;^^ Ktgit(7)MOSS4^^f*^«-e(±. T i S 12 SI 



[0 0 0 9] J-liLlTV h^:^ • • -</U^-^?-CO 

$li1S^(C.-]:<5*E'T'fl, l=l?>^g§ft:fe:2 0 6 (HIS (a) # 

j!«) c/>#:ffi/^M.ffi-c#/:cj/v ^^<^^ \-m(^y^^-v'/ y >• 
t^fgr-^/VL' hiii2 0 8 &mr&L. m i co^AZ/agi^^T/^ 

^ i|#tCN-^- 5!!teK^2 07iCoSiB-^2 09ai: 

(D^m^^—mvi,tAi:<:^'^rz/)^-fzi(Cfx6 ms (b) # 

,BS) , |g2(7:)fA^jai|{c.:t *'H#ib^^N+ MteS5c®2 0 7 
<!:CoSL2lli210a <b(50#®ii. N+Sitefc/i 2 0 
7i:CoS i 81 209a t(r)^m(onm(ry^m^-^M^ 
^\ ^ ib{CC o S i 0 9 a ^li^tbC o S L 2 fll2 1 0 
a (c^^^|$tL6$i.Mc{$«c;^:>i:i)}P;^H¥^.^ 9 ::<t/j^»b. N 
+ *MtefiicJi 2 0 7(7)PNjg'g'®i:;0^fc;ii^7tL/':iCcoC o 
S 12 1II2 1 0 a<nilESicora(Sfi?fe<^^5o ccofc 

N+ Sffi«fcii 2 0 7(7)it^-y-^ffl:i)fe(Dis^, 

(0 0 I 0] &:tC. ±fdf— '>:n'l'#CO$R^fC 

hm(DV^^(Df&mm^tD. C. -r>/^. hn^- • j^^^^-zi?^ 

[0 0 11] v^^x-^mm(r>^mi^mm:(Dm:mjv'&<r)n 

mt. Co S i2 liSrffli/^/cif yif-Y KSittJOMOSM 

mm-ri) :ztt. c o s 1 2 mmf&m(DW:w^m 
[00121 
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ffifoffli) If \cm:m%i) ^ 4^ ^ -r k .-^ — • ^ $r 

±m=i^<yi^hiyV-^^ Killer =1 hv^v/y l^-f K (C 

os 12 ) sKcism-rax^i. ±K'>y =i>S45^E 

[0013] »S L< (i. ±IGg^ffSfUI<7)|^*;657k^ 

^ n^>'^ • i/jc-zu . h (Co (C 

5 H5 ) 2 ) » • ^'^^'^ • o^V^ • v^Jcn/U 

. h (C o (CH3 C5 H4 ) 2 ) . • Tir 

^/UTir h^^-- h • h (Co (CH3 COCH3 

COCH3 ) 2 ) . t:^"^ • v^tVNU-ryU • ;^ i^-:^— h.- 
(Co ( (CH3 ) 3 CCOCH4 ) 2 ) 

(Co (C5 HF6O2 ) 2 ) <7) 9 ^c7) 1 o-efc 

[0 0 14] 

[0015] #^»f*^goo»iitxa«JosffffiiaT'*>2>ia i 

[0 0 16] S-f. P^-iyy ^ivSffil 0 1^E(7D^^ 
5>SffIiiE(Cfijej? 4 0 0 n mSS<7) LOCOS S<D :7 ^ 

-/i-K^{bHil 0 2;^^?FM^ns *T-JFMnIi«!cfCii»!\K 

tloo ^SlcMJi: 1 5 0 n majgcT)/ V K- >^<7)#^ffi 
ixy =i:/Bi;5>m^tt. c<7)#,?&fBV'y =2>'^7J5y- h 



2 5 /i miii^jfgT'rfoSo r^iy§il^vftir;ic:fif^{c.-j:>5ll.^J?:s 0 n 

><:0'(Mi)?rjiC .1 (>0 H T Oi?^fbM/j-^ 4^ -6 f--r K -i^ 7^ —jv - 

!M 0 5 7)^;i^;75c^^tt^, 5 0KeV-ei. 0~ 
5 . 0 X 1 0 15 c m-2Sjgc/)ffitig(/)^ ?t->^aA;^)-fT^»:*P 
tl. 9 0 0 t:(^^^#[fflMT' 1 5 2 0 ^@;gcOS\*Q.S 
^^l^-^T4^b^^6o ^tL(C4:^;. PS •> 'J =3 v^iig 1 0 1 g 
Booig-T-JFM«i«tcfi-y--r V^'Jr-f\^ ' 1 0 5 

[0 0 17] m^mcn^yoiy h • ^-y^>^;^^tf4t?tt 

tzm. psv/y ^^v-si^i 0 ifiM^^ dU/i^-tt-f) 

mmim (mfr^-^^) mm^tix\.-^. m-^x. so 
0-6 0 o^cicjpifi^tifcPMv'y ^v-sifii 0 ut. 

JX;^0. 3 --2. 6 Pa, --'W— 0. 4 1 . 0 KWCT^ 

7K*:/7Xri-BSe>$n. n+ StetScS i o t^e^oJ; 

(i/y ^ViCilTC^tl^cir tM.^i-tta) ^tL, CltLtbN 
+ S&SfcSl 0 7^m:3roXX/^- hm«l 0 4is7i5jf 

mt^ti^ cm (a) } o 

[p 0 1 8] i!fe(c:. - t/^< . t';?^.;/^/U 

• P^V^ • i^^m-zu . rzy<yL/ h (Co (CH3 C 
5 H4 ) 2 ) (7^^it:^^^WM:^^tLrz^y</iyh(Dit 
(CVD) Ti^f^c^t^n. PMv'y=r>'Stg 
10 1 C0Sffi±{C(iflI3: 1 0 ~ 2 0 n mg>S(7:) =1 /nVu 1> 
flli 0 87^|5fl^M^^^^, ^cocvDti, f';:^ • / ^/u • 

(cJ:5tcor'Sb^. SISSS2 0 0'-4 0 o°c, 
r7k^;^/^i5ftS 1 0 0--4 0 0 s c c m, :^ft;^;rL/'- 

;^:^COgfcl[l 0'-'40sccm. 13'-52Pa<7) 

^ti:^M^mx^^m^{z{t. psv-y r^vstgi o i 
(D 2 ^(DMmmm(D^W}^m^^^^ ztfj:< nfj^z.^ 

[0 0 19] ClCOf';^ • T^^yU • i^^a^l^^ - 
' ■z:iy</l^h(DmiJ^.\t3 7X:tmisbXj&<. 8 ovum 
(Dj&r^Xi, 4 0 0 P afli^(7)^^JX^*LTV^5/•c^6. 

±IE^f4^<30|5H-e(i. ^^'^/i- hmi 0 8(/)^fegiig(j;2 
0-^4 0 nm/m i n <L{S»/^ * w T'CO tf ^ • ^ ^/U • 
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[0 0 2 01 Sgi/^T. iiS<5::i:4^<K^^ (JiECVD 

•Ct<t<, ^?j:orvMCt>J:i/^) rt-C. 4 0 0--5 5 0 

Bfcii 1 0 rmm^J^V^^- hll'ffi 1 0 4±S(D::^y</i^ h 

$tL. ^n-?;ixC o.S L i+x Ml 0 9 a , 109 b (0 
<1) ;55jgj5ic;^tt6o C o S i i+x flll 0 9 a, 1 

0 9 b (1. 3Et LTC o S i T^/^JbtS/^Sc^ C o S i 2 

S^fkllii 0 2 joJ:t>*if^ K-::?^-/!^ • tM 0 sc^:* 
(b) ] o ; 

[0021] ^i^tbC o S i i+x fill 0 9 a , 109b 

J: U^'Smi* J: < /i-o$!jfflH4 J: < ffMT-^ ^ i: t 

2 0~4 0 nmmS<l:^c^5o -^^^t^^b. ±f£T h 

g207<!rCoS i«g2 09a i: (T^^ffi;!)^— 1^-e(i?i < 

^^f-;0^'fz{c/^5 (03 (b) #fi8) -tnfj:<. S 
tet!(« 1 0 7 <bC o S I i+x 0 9 a C0»ffi;i^-1^ 
^/-C. C o S i i+x 0 9 ai^^ffM^ttrcm 

[0 0 2 2]7:fc(c. PSv/iJ ^>S«1 0 l;i)^W^^;^^ 
6Si»9tti^tv. fiTui^ (H2 SO4 ) ^ii^^ft^TK^ (H2 
02 ) t(Dr^'^7Kmm\:i^^^:^^y h • =r.^y^>^y{zx 

*Si:c;<7)=:/</u hill 0 8 75^ilt/^6^tc|^*^^5o 
m^'X. «^^'tU<{i^e'l4#iam4^T'6 0 0-8 0 
0°C<7)7>':/AO»^7!>^1 O-'S 0#?iSfT^<^^i^. CoS 

1 1+X ^ 1 0 9 a , 1 0 9 b (1 (^tl-etutSffiS^ LT^ 
;£ft:$tl) CoSi2flillOa, 110b {Zfj:^o 

a€r2im{-Ufc(7){i. mFi!ii:(^«<?>aft{cJ:Sp i-fj: 
t>h. t^ig^cCi^y KfkS^ST-(;5N+ St£iS:ii 10 7 

0 4±cS(cffM^tifcc o s i 2 sM<!:cora(7)y — ij^. m 

mi:mmi-^tzisbX*ki>o CoSi2^110a, II 

0 b (Dmmit. ±f5C o S i 1+x fli 1 0 9 a . 10 9b 
(Di^-'i^mi:Si^LX^-{Z/-j:^) ^ 3 5~7 0nmflit 



1 0 7 cr)+i5;§^(/:)r5g.^ t> mu-m{cf.(: o, 12 

5 /£ m-- 0 . 10 n m [0 I ( c ) ] , 

(0 0 2 3 J CIOIS-I^. :$:KMi(^'](C.l:^if 'J -!f^r Kt^lig 

0 7 oo p NtJ^-g- y - ^ coiirAc-io J:t>' P Nlg^[fftO=co*^ft; 
1 0 0 2 4 1 SrSi/ . PS'> y ^ ^s^is 1 0 i (o^si± 

(C, 4 0 O'Cfll^cO^^GZMtEI^Sc-JS: (APCVD) tCJ:5 

iiiJi: 1 0 0 n mti*cog$fb'> y =^ ^iil^t 4 0 o"cm&(o 
Mi±mt@i«S (LPCVD) (cj:^iilJf:2 /xS;gcoTE 
OS-B P SGflf <!:7)^ib?tc5/lR3Jfel*llf 1 1 iy}mf^^ 

n5o N"^ Mteftic^ 1 0 jmm^cmr&^titzc o s 1 2 

Kl 10a (Cili-^PflO. 4 mmStT^^^V-^ ^ hTL 

1 1 2 , :7 r-zu KS^fMS 1 0 2 ±^c:^ol^ry- hmts 
1 0 A^mi^zmf^^tifzc o s i 2 fli 1 1 0 b fcji-f .^ 

PflO. 4 p.m^mp=^>'^ h+L (laTn-tt-r) Tiv ® 

mmmni 1 kc^fm^^^o si^:'tt:^/°:y^y 
y^i^cx^. mmmM^.i 1 ijist^jo) bsjsso- 

TK^STcftfeS i/ Ml vilTcjfetc J: ^ ^^^y^T- 
1 1 4 7)>^ffi^ffM^tL. v^^7^>'Bil 1 4;65 

S/r^-te-f (R I E) L < itit^&^mU 

(CMP) ^{Cj:^=J:.y^y<^y^^iX. 
h?Ll 1 2 Sr3Em-r5 J: ^t-CiDi^^^^i/^^T^^'j^l l 4 

;!)^aM^:h-6o ^6{cifeBtclB?rO. l-O. 5Wt. 

-g^ifeflll 1 S^XX^mit'f-^i^mi 1 3;6>^<^$^--:x:J^ 
/UMOS h^Vv^^^T^^^/Tg-rS [[2 1 (d) ] o 

[0 0 2 51 ±Kig 1 (Dmmmit.N^'Y^-y^Mo s h ^ 

;ctiafflT'#. CMOS h^Vv^^^^tCtilfflT't 6o 

CMOS h^Vv^v^^tcSffl-T'S^^I-fi:. yi/K 

BS^^klll 0 2CO0j75c(C$fefcoT. N'i7:x:/U (^btCfiP 

'J'rc/U) ^?i?figL. -MffitfcJll 0 7S:?fMLfcm. 
N5^-^4^-/uMOS h^yi^:^^<r>mj&m^i:y:t h i-'v^ 
^hSlT*a«/\ 20KeVT'l. O'-S. OXlOl^c 
m-2gj*co2^{t:7KD>' (BF2 ) (T^-f ::d->^aA^fTn^ 
^\ g^l?HS[T?l 0 0 O^Cin^VT'iDS^tCcta 1 0 — 

1 5#SS(7:)«i^SS:?f/cfoTP+ S}*2:»^*JI^^-r 
::c7)P-^ SlSz:t{c/i<7)PN^f^(7Dr3i^*i?^o. i 5 /i 

[0 0 2 61 4^«{*:SBC0.MitX?l(7)|JfrB[21T'fc6[l 2 
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riSr ffl I ^ -If 'J ^ Y Ktff it 00 N /KVl O S 5^ > v 

[0 0 2 7] Si\ ±Elglco«teFi)^IHjm(c. PMv 

-rtt^'niliiS 4 0 0 n m|iJS:t>0 LOCOS M<7) ^ — 
KS^^fWfi 10 2. ^ftSgfbtC J: ^Hgii: 8 n m^^coy- h 

KfkMi 0 2.i)mfi%^n.^. ±ma%mi 5 0 nm^s 

*§(y-hft) {i. 0. 2 5 MmflS-C-^So fllffSO. 
liTOmitmfi^htj:^'^^ K-^^^-zi- • ^-^-IM 0 5 

15m mT**>5o 

[0 0 2 8] ±SE|| 1 (/^HJEM <!: ^7 ^ 

N+Mte^S 10 7 ^S4b^ J:t>'y- vmM 1 0 4 ±® 

/7ic^tbT^/^S, ig^/^T. 2 5~ 1 0 0t:(C^D«\^tL/*cP 

N+ ^tetSc® 1 0 7^®*jJ:tK>5^- hSSl 0 4± . 

^i: t.^/.^-^^) ^n. -ix^N+ MtetJcill 0 7SE 
hmiSi 0 4±S;!)'^rSr^fb^tis CI212 

[00 2 9] S^S:fiSaw<t^i;<-pMv'y ^^vS 

• • z:iy<ju K (C o (C5 H5 ) 2 ) <7:>^ftl 

;^:?^^l^*4:^;^<t Lt3/^v^^<D^k^^6^mffl;S^ (CV 
D) 7!i5ff/i*:>n. PS'Vy =^vStgl 0 l<7)^B±tc{l. 
8IJ?1 0 — 20 nm^a<7)=i/</^ h-flil 1 ST^^ffM^tl 
5o wCOCVDii. t:'*>^ — ^tJ' n^>'^ • v^^— /U • =1 

3 0 0-45b*t:. ^-\'yr7K^;y';^»K»i 0 0-4 0 

0 s c c m, t":^ • v/t:^' a^V^ • ^y=z.=./{^ . ziy</U |- 
<r>%{tiS7^COmm. 10-40sccm, 13-52 



P a o:> h t T'fT4^1->tL<5.,. tn^o^ ^ hfia: 1 1 8 C 

r/) §f5f$&»-|V1^r o /:: t:- ^ , 
[0 0 3 01 :ioOfc:\x ' n-<>'>'/ • >?jcn/U • zi^< 

/u . -y^ u^<y 9 • vin^/u • ri/^/u- hooa,^; (3 7 

>-.^ . . rr/></U ^CO 1 0 0 'iCT'COr^^lK^, 1 

0 P a fMJS'Cc^So -(^^tzish^ zcn)^:^ ^ y^ zi-<y^ 

n/</U hflgi 1 8 <30;75cftiiiS {± 2 0 — 4 0 n m/m i n 

m^^tzisb. mm^^^^^i,cm<\ ^i^co^ii^.^=2>'</u^Ml 

[0 0 3 i]Jti^T. ±feSl(7)^jJiffi)i:|WHt{c. 

mCX*h^<, ^t^^X\^^Xh^^^) I^T\ 4 0 0 — 5 
5 O^Ctn^Vy^j^DfATiU 0 — 3 0?>^J!$fT^c^^tl. N + 

Miftw^m 1 0 7^s:fej:t/y'- hmm i o 4 jifficj0 3/< 
y i^-f Kft^n. -^n^'nc o s i i+y li i i 9 a , i 

19b (O^Y (1) /}mfS.^tl^o C o S i 1+Y BIl 
19 a. 119 b(i. 3Ei LTC o S i /)>(bmf&^tl. 
CoS 12 ^XXJ^Co2 S i LTl/^?>o Sfc 

C[a2 (b) ] o 

[0 0 3 21 wtU^Co Sii+YS1119a, 119b 

0 7Sffifc^J:a^>Jr^- hffij^l 0 4 JbSfCffM^nf- 

t&WLXm-i,Zfj:^^ 2 0-4 0 nmSSt^<e5o "T^t^ 

f£c7)J: 9lCN-^ Sffiffi:/! 2 07<tCoSiBl209at 
(D^m^^-mXit:^J:<^'^tz^^tz{Zfj:i> (113 (b) # 
m) Zt^tfj:<. N+ SiffifficSl 0 7<tCo S i 1+Y «» 
119a i:C0^1i75J-«(c4^'5o t.ti. C o S i i+y 

1 1 9 a7!i5ffM$n/tf^(75N+ SftttScSl 0 7(;5^'g'<7) 
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